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Cytomegalovirus (CMV) is a complex virus that continues to contribute to morbidity in a range of patients. These include solid organ and stem cell transplant recipients, in whom the virus is associated with both direct effects, such as CMV hepatitis \[[@JIU419C1]\] and gastrointestinal disease, and indirect effects, including acute rejection, reduced long-term graft function, accelerated posttransplantation vascular disease, and, in some cases, death \[[@JIU419C2]\]. In addition, CMV remains an important cause of congenital disease, leading to a range of sequelae, including microcephaly, mental retardation, and sensorineural hearing loss \[[@JIU419C3]\]. In human immunodeficiency virus (HIV)--infected individuals, CMV was once one of the most feared pathogens because it led to sight-threatening retinitis in patients whose CD4^+^ T-cell counts dropped below 50 cells/µL, and despite anti-CMV therapy, recurrences of infection were frequent and often due to drug-resistant strains of CMV \[[@JIU419C4], [@JIU419C5]\]. Fortunately, in HIV-infected populations with access to effective antiretroviral therapy (ART), the incidence of CMV retinitis is now very rare, and CMV disease in HIV patients has become a distant memory for many physicians.

Given the strong association of CMV with inflammation \[[@JIU419C6]\] and a skewing of the T-cell immune response \[[@JIU419C7]\], it is noteworthy that in the early days of the HIV epidemic, CMV was suggested as a cofactor for HIV disease progression. A seminal article in this area was published in 1989 by Webster et al \[[@JIU419C8]\]. This study investigated 108 HIV type 1 (HIV-1)--infected hemophiliac men whose date of HIV seroconversion was accurately known; the men were then stratified according to their CMV immunoglobulin G (IgG) status. Individuals with prior CMV infection, as evidenced by serological findings, were 2.5 times as likely to progress to an AIDS-defining disease, compared with CMV-seronegative individuals, and survival analysis revealed that the risk increased approximately 2 years after seroconversion. At the time this study was published, it created some controversy, not least because a mechanistic basis for the accelerating effects of CMV on HIV disease progression was not readily available. Nevertheless, a further publication from the same group in 1995 showed that after 13 years of follow-up, the risks of CMV positivity on progression to AIDS, death, and a CD4^+^ T-cell count of 50 cells/µL were 2.28, 2.42, and 2.34, respectively, although the risks were influenced by patient age \[[@JIU419C9]\]. Interestingly, a double-blind, placebo-controlled study of high-dose acyclovir (800 mg 4 times daily) in patients with AIDS who had CD4^+^ T-cell counts of \<150 cells/µL blood showed no effect on the incidence of CMV disease between the arms but found a significant survival benefit to those patients exposed to acyclovir (the odds ratio decreased from 0.39 to 0.23; *P* = .018) \[[@JIU419C10]\]. This survival effect was also observed in a meta-analysis of 8 trials of high-dose acyclovir involving 2947 patient-years of follow-up \[[@JIU419C11]\].

In the intervening years, especially with the advent of effective ART, interest in the CMV cofactor hypothesis for HIV progression has waned, even though studies in groups where ART is not widely available have shown that CMV DNAemia in HIV-infected mothers is a risk factor for 2-year mortality in both mothers and their infants (adjusted hazard ratio, 4.3) \[[@JIU419C12]\]. It is, thus, timely that the article by Lichtner et al (submitted) in this issue of *The Journal of Infectious Diseases* revisits the issue of CMV coinfection in a large cohort of HIV-infected individuals (n = 6111) participating in the Italian Cohort of Antiretroviral Naive Patients (ICONA) study. This study was set up in 1997 as an Italian multicenter observational study of HIV-1--infected individuals, and the power of such cohorts is beautifully demonstrated by the findings presented in their current report. Although CMV seroprevalence was high, at 83.8%, this study provided a sufficient number of CMV IgG--negative individuals to address questions relating to the influence of CMV seropositivity on the progression of HIV disease and the occurrence of specific HIV diseases. It was noteworthy that CMV seropositivity had little effect on the progression to an AIDS-defining event. However, when the authors investigated time to a severe non-AIDS event or non-AIDS death, a different story emerged. In this category, CMV seropositivity was associated with a statistically significant increase in events (from 6.2% to 8.9%), and it remained a significant increased risk in Cox regression models (hazard ratio, 1.53). The study went on to investigate whether CMV seropositivity was associated with an increased incidence of specific non-AIDS diseases, and the authors showed that only the incidence of cardiocerebral vascular diseases appeared to be elevated in patients with prior CMV infection. CMV has been extensively linked with cardiovascular disease in patients without HIV infection \[[@JIU419C13], [@JIU419C14]\], in both nontransplantion and posttransplantion populations, and the ability of CMV to alter the size and shape of the immune system may be relevant in the context of chronic activation of the vascular endothelium and the inflammatory response. Of note is the recent demonstration that CMV replication and a heightened T-cell immune response in patients with common variable immune deficiency disease leads to a range of inflammatory diseases \[[@JIU419C15]\].

Many potential mechanisms have been put forward to explain how CMV could act as a cofactor for HIV disease progression \[[@JIU419C16]\]. These included direct coinfection of cells, leading to enhanced HIV replication; facilitating HIV uptake through the Fc receptor of CMV, providing alternative coreceptor pathways for virus entry; transactivation of the long terminal repeat; and viral pseudotype formation. Laboratory evidence for each of these mechanisms has been obtained, although the precise contribution that one or multiple pathways play in vivo remains elusive. In the latest addition to this list of potential mechanisms, an article by Johnson et al (submitted) in this issue of the *Journal* addresses this question in the context of the elevated frequency of in utero transmission of HIV-1 among mothers with ongoing or primary CMV infection. This study concentrated on using cord blood mononuclear cells (CBMCs), which the authors show have a relatively reduced ability to support HIV-1 replication in the absence of stimulatory signals. Flow cytometry found that these CBMCs had a lower fraction of CD45RO^+^ T memory cells (T~CM~), but this compartment could be increased when the CBMCs were stimulated with mitogens. Of particular interest was the observation that increases in the size of the T~CM~ compartment also led to upregulation of CCR5 but not CXCR4, with the former reaching levels that were comparable to CCR5 expression in stimulated adult peripheral blood mononuclear cells. Given the central role of the chemokine coreceptors in HIV entry, low levels of CCR5, as observed in unstimulated CBMCs, likely mean that these cells are relatively refractory to HIV infection, whereas upregulation of CCR5 after stimulation would allow a significant elevation in HIV infection of these cells. On the basis of the evidence from in vivo studies that CMV infection enhances in utero transmission of HIV, the authors then proceeded to stimulate CBMCs by using a coculture method with CMV-infected adult macrophages. Of note, the coculture stimulation only led to a moderate increase in proliferation but resulted in a substantial increase in the T~CM~ population, coupled with high levels of CCR5 expression. It was when the authors assessed the HIV susceptibility of these cells that the dramatic effects of CMV stimulation were revealed. Impressively, replication kinetics of HIV in the CMV-stimulated CBMCs was enhanced over that for cells treated with phytohemagglutinin and interleukin 2, and overall levels of *gag* and *env* messenger RNA were 607-fold and 421-fold greater, respectively, than levels for unstimulated CBMCs. A summary of these data and other potential mechanisms for CMV enhancement of HIV replication are shown in Figure [1](#JIU419F1){ref-type="fig"}. Figure 1.Potential mechanisms by which cytomegalovirus (CMV) might enhance human immunodeficiency virus (HIV) replication. Direct coinfection in cells such as macrophages could lead to enhanced HIV replication, through transactivation of the HIV long terminal repeat (LTR), or to enhanced HIV tropism, through pseudotype formation. Alternatively, CMV infection can lead to the production of the CMV G-coupled receptor US28 or its Fc receptor, leading to entry of HIV into cells that are normally not permissive. The bottom panel captures the data presented by Johnson et al (submitted), whereby CMV infection of macrophages leads to the activation of resting cord blood mononuclear cells, resulting in upregulation of CCR5, enhanced HIV entry, and increased HIV replication. Abbreviation: CBMC, cord blood mononuclear cell.

Together, these 2 articles should reinvigorate the interest in CMV as a cofactor for HIV disease progression and, indeed, mother-to-child transmission of HIV. The challenge remains to understand which of the various mechanisms are truly operational in vivo, including those that have been implicated in cardiovascular disease. The exciting availability of new anti-CMV drugs in the pipeline \[[@JIU419C17]\] may open up new opportunities for reinvestigating the effects of long-term inhibition of CMV replication in patients with HIV infection on end points such as cardiocerebral vascular diseases and HIV transmission from mother to infant.
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